The formation of coal accumulation units requires specific geological conditions, including fossil plants, palaeostructure, palaeoclimate and palaeogeography. The Ordos Basin has experienced multiple sedimentary environments during its evolution. The different depositional systems and system tracts represents the important sedimentary events during the basin's evolution. Therefore the different coal accumulation conditions results in various characteristics across the coalfield. Coal was the most important energy source from late Palaeozoic and Mesozoic sediments in the Ordos basin. It generates abundant coalbed methane. The coal accumulation zones developed generally in the basin slope environment, where many sand bodies were located. Abundant petroleum, natural gas and uranium exist in these sand bodies. Our study indicates that the oil, gas and uranium are related to the location of the coal accumulation in the Ordos basin. The transgressive coal and the allochthonous tempestite coal were developed in the Late Palaeozoic and Mesozoic.
Characteristics of the Late Paleozoic coal accumulation
The Permian-Carboniferous strata contain very important coal formations in the Ordos basin. Coal is located both in the Taiyuan formation (Carboniferous) and the Shanxi formation (Permian). Coal Seam 5 of the Shanxi formation is the most important seam. It can be seen in the whole basin except in the southwest. It is more than 5 m thick in the north part of the basin (Fig 1) . 172 The depositional environment of Coal Seam 5 is a transition stage from the continental sea to a large continental basin. This transition represents a very important period during the river-delta development. At that time, water appeared only in the southwest portion of the basin. Many rivers flowed from north to south, and the deltas formed between rivers and lakes. Many marshes developed in this area.
Coal accumulation zones and their contribution
1.2 Characteristics of coal accumulation in the Mesozoic Wayaobu Formation of the Triassic strata belongs to the coal formation. There are about 30 coal seams in this formation, but few of them are workable. Coal Seam T5 is the main workable seam in this formation. The amount of mineable coal-beds are few. Among the Triassic strata, the No. T5 coal bearing in Wayaobu Formation is the primary coal-bed in Ordos basin. The position and thickness of the coal seam is consistent with the depocenter. The depositional environment consists of rivers, deltas and lakes.
The Jurassic is the most important coal-bearing strata in the Ordos basin. The depositional environments consist of rivers, deltas and lakes. Because of the different depositional environment, the quantity and the thickness of the coal seams are very diverse. Seam J5 is a workable seam in the northeast, south and west parts of the basin. Its thickness is more than 5 m (Fig 2) .
BASIN EVOLUTION CHARACTERISTICS AND COAL ACCUMULATION 2.1 Basin evolution characteristics
The evolution of the basin is very important for coal accumulation. Coal accumulation will only happen during the significant transition period of the basin evolution. The early time of Late Carboniferous is a significant period in the basin evolution history. Before this period, the transgressions mainly came from Qilian Sea in the west, with the Gan-Ning basin as the sedimentary center. As time passed however, the transgressions came from both North China and the Qilian Sea in south, and moved to the Jin-Qing-Lin palaeo-uplift and the areas of transgression became bigger during Taiyuan times. The seawater eventually inundated Jin-Qing-Lin palaeo-uplift. The North China Sea and Qilian Sea had been a uniform basin until halfway into Taiyuan times (Sun et al., 2002; Sun, 2003) . With the development of the basin, the sedimentary center moved slowly southwards. At Shanxi time, the borderlines of the basin are the Alashan and Yinshan uplifts in north, and the Qilian and north Qinling uplifts in the south. The sediments are clastic sediments. During Xiashihezi times, the Ordos Basin was a large continental basin. The in-filling sediments comprise a set of grey-green and grey-white sandstones. The sandstones are consistent with the North China basin (Li et al., 2001 ). The Shangshihezi Formation is similar to the Xiashihezi Formation, and both of them belong to river-lake facies.
Because of the continent-continent collision between the Siberian plate and the Tarim plate in the Late Paleozoic, the Central Asia-Mongolia ocean ceased to develop, and the north edge of North China plate began to uplift. The North China basin was a uniform inland lake basin at Low-Middle Triassic. A river system developed in north, and lake systems in the south. The Taihang Mountains comprised the east borderline in Late Triassic times. Based on the study, it can conclude that the Middle-Late Triassic was a very significant period in the history of the Ordos. The lake basin shrank constantly due to lithosphere uplift during the Late Triassic times and rivers again occurred in the basin. Jurassic to Cretaceous was a significant period in the basin's development. Important tectonics and sedimentary fill took place. For example, the Yanshanian movement occurred, and coal accumulations were formed in the Yan'an Formation. There are no massive clastic sediments in the west and south areas of the basin. The tectono-stratigraphic configuration is not very obvious in the Yan'an Formation. This indicates that the period was tectonically relatively stable and that sedimentary fill controlled coal accumulation. The sediment deposition and tectonics took place throughout the entire basin.
Sedimentation and sedimentary system alternation
Tectonics is an over-riding control on the basin evolution. The Ordos basin has undergone different styles of basin development. The sediments and sedimentary system altered through different periods. In the Late Paleozoic, the main sedimentary systems were carbonate mesa systems, barrier-lagoon systems and shallow water deltaic systems. In Middle Permian the basin changed from an inland sea basin to a large depressional sag basin. The sediments developed into lake-and river-lake complex systems. In the Triassic and Jurassic, sediments were predominantly river systems, lake-delta systems and lake systems. Moreover, with the evolving basin, all of the sedimentary systems changed spatially. The alluvial sedimentary system and lake system were interlaced; but this interlaced situation varied during the basin evolution. The sedimentary transition periods are thus very important for coal accumulation.
Controlling factors of coal accumulation
Coal accumulation was controlled by many factors such as palaeostructures, palaeoclimate and palaeogeography (Sun et al., 1998) . For example, the distribution of coal enrichment zones and coal accumulations units varied in the basin during the Late Paleozoic. The coal accumulation in the eastern zone shows genetic relationship in the development toward both sides of the coalfield. In the western zone, genetic relationship was stronger. The geography and stages of the coal accumulation were controlled by tectonics and activity of the basin. There was a distinct diversity between uplifts and depressions. The development and genetic relationship of the depositional units let to continued coal accumulation.
INFLUENCES OF COAL ACCUMULATION ON MULTI-ENERGY SOURCE DEPOSIT FORMATIONS IN THE ORDOS BASIN 3.1 Characteristics of coal accumulation.
The Upper Paleozoic coal in the basin are humic coals (Dai et al., 2002; Dai et al., 2003; Dai et al., 2006) . The main macro-lithotypes are bright coal, banded bright coal and banded dull coal. The average vitrinite content reaches 64% in the middle area, but only 3.5% in the south and 35% in other areas of the basin. The highest metamorphic degree of coals appears in south area and the lowest in the north area. In the eastern part of the basin, the coals are lower bituminous coals mainly in Zhungeerqi to the north and the coals becomes higher bituminous coals in Hancheng in the south. In the west of the basin, the coals are middle bituminous coals. The differences may be caused by the different geothermic conditions. The temperature gradient is high in the southern area because the basement rocks are shallow. Therefore, the geological processes dominate the distribution of the different coal ranks.
Coal-forming processes are an important part of depositional processes in the basin. The in-filling sequences of the Permo-Carboniferous, Triassic and Jurassic strata are the most significant sequences during the evolution of the basin. The clastic sediments and peat marshs occurs alternately. The stratigraphical horizon of the coal-bed represents an important deposit during the transition of basin forming mechanisms. During periods of active tectonics intense uplift will go hand in hand with intense weathering and denudation. If the tectonic activity ceases, a peneplain will develop in the basin, allowing shallow water and marshes to develop. A very suitable palaeostructure and palaeogeography for peat-marshs development would be formed. The tectonics has periodicity, whose regularity lets the depositional process and coal accumulation occur periodically. In the Ordos basin, Permo-Carboniferous strata deposited in the transition between the Caledonian movement and the Hercynian movement, and Jurassic transition was between Indo-China movement and Yanshanian movement. These transitions are suitable for the plant growth. Therefore, transition periods are significant periods of active coal-forming processes.
According to the relationship of the marine limestone and coal-beds in the east of the basin (Fig 3) , there might be two depositional environments in Taiyuan Formation. One of them is transgression deposit (Diessel, 1992) , and the other is occurrence allochthonous deposit (Li et al., 2001) . The origin of transgression coal was the peatmarsh sediments that deposited behind the barriers in the transgression course. Because of the lager-scale transgression, the peat was imbedded in a deep-water environment. The peat then became coal by coal-forming processes in deoxidized environments. The direct coal roof is marine limestone. The allochthonous coal might be the result of the tempestite. The combination of marine limestone-coal seam-marine limestone in the east of Ordos basin indicates that the stratigraphical horizon of the coal seam is peculiar. It is very difficult to explain the environment of coal accumulation and the background of peat marsh.
Allochthonous coal also appears in the Yan 'an Formation (CNACG, 1996) . An important characteristic is the cross lamination that indicates strong hydrodynamic conditions. The peat might be carried here by flow water from a long distance before they were deposited. Based on the coal petrography analysis, we find that the macerals formed in both oxidized and reduced environments mixed together. This result also supports the view that the allochthonous coal distributes widely in Ordos basin. Therefore, allochthonous accumulation is one of the important elements of coal accumulation. That is to say, the so-called coal enrichment and accumulation zones do not completely show the distribution of the peat-marsh. Allochthonous coal may be a feature in the control of multi-energy source coexistence. It may also play an important role in the processes leading to coexistence.
Coal accumulation and its relationship with other energy deposits
After several years of exploration, some controls have been documented in the Ordos basin, such as "south oil north gas", "shallow oil deep gas" and "Mesozoic oil and Paleozoic gas". In previous studies, the formation and distribution of coal, gas and oil were separated with only a few people studying their relationship. There are at least three reasons for the separation study: first, the sedimentary environments are different between coal and petroleum; second, original sediments of coal, petroleum and natural gas are different; and third, the accumulation mechanisms of coal, petroleum and natural gas are different. The coal-forming process provides favorable conditions for many oil reservoirs. A lot of oil traces appear on the roof and floor of the Jurassic coalbeds in the Chenjiashan coalfield. This phenomenon indicates that coal and oil share a generation relationship. The results obtained in recent years by using the deep basin gas theory indicate that very abundant natural gas accumulated in compact reservoir rocks near coal-beds in the Upper Paleozoic. The phenomenon shows adequately the inherent relationship between coal and oil. The enrichment of coal and oil-gas systems forms a very favorable coexistence not only in the basin evolution but also in the petrology and mineralogy characteristic of the reservoirs. Therefore, people can look for other energy sources close the coal accumulation zones.
